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3fc«*«*fc£#+3*f*NH3 Ill tt 

&«7C$oM?«3P , l-C> Htt3 fcwMiittwKviII « 
®Sft4mA*lE*t&. i*UcJ:!>»5>*t*III £ 
oSfc&afc&gfclll gfcM^Kefltetttmii* 
ftlfeOHHMWHcWv***', fi!neffl^«J*»?>III 

8&tt£-eT. «ifeS*fcttS«feSw«ffi-eiii Si5c* 
twill fc*3&<9S{fc1&ifc.§£jfc&£ii:5. 
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[fcSTf9*<D«5B] 

lf8*«l] III £&JBtc$*»>&. 18WSU #«fc5i 
JcS^ai^Sr^i-S^^i-ttAUT, III «&«5c8 

in** 2 ] s*« i GMvmiuiin&toW&iimK.x 

v>T» ill »!&R7cS}K:^iffi«)7c5S«rffi-tfT*J<cii:: 
<fc 9 , 0t7ftftic* * K— 7" Lfclll &0£ft*&A* 
Si&tZZt&ftWibi-imttolG&toWmijm. io 
[18*9 3 ] !R$« l*fcli2 IcCttottfbttlSaott 
9$t>ft*IlI &a&<HMft&A£iil 

[88*84] m*«i^tt2Gtto£fc«£A<9g£ 
*iEfe(cJ:!3#t,H5, III KwSfbtaifeAilll 
x*(0££fe£fflam*K::/8v>5 c i: Sr»8tii-5III 

118*9 5 ] §8*9 l 2 GttQSfl&ISAOKS 

^»HJ:9#5>*vi. in me>&imm£&bm m& 

R%mvwAmmm&m^itwm&&*m-t&h 20 

itsm 8!©2{b*5lSA. 

lit e ] ni*5 1 *fcft 2 B*ro2<b4&8Ao$as 
^Kiofc&rt.*. in «<DH<b»a»atiii 

*jcMom6m*b+ HI «&J»7c*«r»*LX#^ix 

6111 m<omvto%&V}*» 

[88*97] 1**96 isttoiii &0ft<b*i»A&&* 
isg*98] ib*96e«<diii ^©2{t«3t»5ss-tiiii 

fiS»lcfflv>fclll KSfll«>o«»««*ifC#feK*ll 30 
I 

[18*99] g8*96E«©lII 8l<?2{b«>iS§S»5fc£ 
MH*fcttlfUtt-&c:&*4«*J:?ftIII tt© 

[is*9i 0] tome mem «©»k«bies»* 

*, S«@*fcM:gS£LT*t|e>rifcIII «©at 
fe&A. 

iis*9 1 1 1 38*9 1 2K&<ommm&<»M 

ifc*rife)^V^T, ±EIII 8jjc*#AK Ga, I nffl 
[st*9l 2] MIR. BtftLfclll ttm+&m*A* 

sat. Ill siTc^f-ces^A^stcsmn-fir^w 

fcAScSlwIII £x*©S<b*»thS B *#S$-£5rfc£ 

t -T 5 2<b«!i*t A©Kig# ft. 
[58*91 3] J&OfK IMIl&III SejcSfCSfiiteA 
*g»U III 8x**T&£«*SA«ffiK:£*jjS* 



©SttttSSSlffifwIII KTcSS^aft^^fi^^^^^ 

[»*9i 4 j w*9i 2x«i 3E«<&2Hb*b*tA© 

»ii#ifcCfcV>-C, BUEIII «7C** S A 1, Ga, in 

%*im&7 z b &tomb r zmn 

[!B*9 1 5 1 88*9 12XH13 E8©»b«5*aA«> 
Sifefrffiir^^T, SiJElIJ ®OT*»i«©iagtf> jfcfi 

{b«>8Ae>Si§#&. 

(000 I] 

tf59JOB-f-Sft«S##] *I6MI±, III «5c*©»b 
«5*£A, fclCGaN, A1N, I nN*?©2fc«j£A<0 

[0002] 

[S63fe<Dt«ff] V>*fc*A»oT. GaN, AIN, I nN 
9w*Sroill »!S{b«ittA«rSA^»it'r5rt©-C 
#4*iTfet*#fiELTV^V\ GaN^^jatA^-CSil 

(O^w^i^Ati, 2i1ftiieic>.st*ftft:-fSfc©t.g 

[0 0 0 3] GaN©IS.&$*£»ig-fS;frifcfcl/C 
tt, Ga 2 0 3 ^WGa ©S^i/VtiTtDSJ 

-e-TKiS-ra^a^Wb^fi-T^?). rixictotsi 

[0 0 0 4] III Kft<b«l§Aro/<A'*lciA*«£K«[ 
-f iHC S. Porowski felc J: o"Cj5c<0*i»^**Sn-CV^ 

[0005] " Prospects for high-pressure crystal 
growth of III-V nitrides" S. porowski, J. Jim, P. Perli 
n. I. Grzegory.H. Teisseyre and T. Suski Inst. Phys. Con 
f. Ser. No. 13? : Chapter 4Paper presented at the 5th 

SiC and Related Materials Conf. , Washington, DC, 199 

3 

GaN<ctt££*l5III «S<b«7», jgt£**#ttlcffi 

4v\ in mmwncM?z®f8&Ammcm*it 
«a^t>o«A^stjitv^ zti*-e\zmmitz 
jiTv^m fflt<,m<»n&f$.&-)smti. hvpe (7k 

jRftfe^ffl^ftffi) . MOVPE (#«&jR«4§*g) 
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tlfcGa N3&0>LED#rtTflSS*1.5lCg)o-CVi,, MO 

[0006] " Novel oetalorganic chemical vapor de 
position system for GaN growth" S. Nakamura, Y. Hara 
da and M.Seno . Appl. Phys. Lett. 58(18)6, 1991 

[000 7] 

i&mw&i-Xik+zvm} GaNKttsstisn 
r-ses^os^wjs^^Kit-rsfcftic. set** 

P)--C*>5wt*5ffi2®»-Cfc*. L*>U zntx&& 

[0 0 0 8] xtf^^i/t^ftifetL.ttt, mEMO 20 
36*1^1- 9. *fcSffi-?&SCi 0 

[0 0 0 9] bfcjPoTpgJ&BfcH^yTft-j-Sfc 

m*1&?m#t>b. pSR«»*3lH-SffifcfcoT< 
S&gtt-asfcSfcfe, **«5S©l88t«oifcSasfW>o 30 
fc. 

[0010] (60x^*->+^Sifei: UT, III SI 

Kmommcin tvxm-L. l 

pe 3 u 

G a N-CfcrVtf G a 2 O3 «?«G a £>&-(Mfe«:7 V*=. 

UTG a Nf£ft*>gBj»iG a fcflBftfc < < , UfctfoT 
G a Ctftf it < V > £ V* 5 WJBtf *>o fc. 
[0011] KitWPtt LT*. 40 

G a A s , G a P$»Jfct§ai tT4» Y A-jfcR«C*Stt* 

*HiJiRStirv»fcGaNie 1 &*&5l5tt, S!Mfc8>llc*E&*t 
[0012] *36M*ld9li, S5SE<0 J: ? 



*J H V «*MRS;*ifc«T«38-*-* c t it 

[0 0 1 3) *fc, *«WOtt©i«J». irv*-C»fe 
;rVCVfca»ofcGaN9©lII 8OT*<33tt»«£&<D'< 

[0014] 

[»B*#ftt--5fc*<0¥f8:] *£9!<0S& 1 ©S£tiU 
[00 1 5] CD Ti^sTW©*****-*-**** 

£*i|cj:9. Ill «S7E*eO#tttpfcIII 
[0016]© £ * U-CWb*ifcIII flwcS&illl K 

2<i*afceftoa#**isWKi,T, in mmsim* 

fclll l&cMfttUMftttAlilll HI5c9lf Sktft^ 
#&<s III «ftft«ttf§At:III &7c&lK»(t$£(c 

[0017]® ±EwS^te*»t>K8fe^t?III Sot 

X. Ill 83fcfe&iSI©»ftj£g*8B&, fttt*A*a 

[0 0 18] »3$"f5C > III K»»»iV«7C*<0«ft 

a^-VsiV (inject ion) tetPfrirV. 4*4B©ftfff-C*> 
5. Witf, III -VRfe^»»©loTJ!.5In 
P Lfct^LT. fco*}****** 

[0019]" P-injection JfelCfcS I n P 

SeEBfiL «3 41U£:A«l31^ii«3^»»d (1987) 28 
p-Z-1 

L*»U injection ffitt. III ^StaESf&fig-filll - 
SrftALT, -fi. III -V*tt**©«B*#0» C 

III l£5t*tm«<PV;K7c3R4K3:$«T, III fl{7c» 
«><0|BJEttTg>iV>) 4V>p^t??6^<Oinjection tt£ 
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roo2o] r <n>m*m i tm<omktefe&<oimttii 

fcttvvc. Ill «&fi5ciRfc*ttfe5c**S-g-C*i<r 
fcfc*9» K-7*t/tlll «©Sfl$»fcfi£K 

£fc«3t&5fcfcIII O^Rlg«Wffi^«ja5^?>*i5 (a* 
93) . 

100 2 1] *«?ie>gi*94Ka>a>siii ggftflMft 
fit hi m&mum<omitm*. in g&flftgfiftH* 
^fiT?«>5i^b*»*>fc^-f, z<o&mifi%£\cin m& io 

8Kjti/cftiia«>*t fcm&jfcttu in 8§»»Kftt 

*>$. fifTOWftoft^Sflrt^fiteis^Tri. 

£©»mc< ^^fefififcfijwto-ca^w^jst* 

5. SE*ltTJK£4vCV^S£}&III Si£fc#>H:, ttiA/ 
*»^fc*»*>$III &2<t«5«MS&»*tIH 

ttfi4*ft&ft6 (i«*«5) . . 

[0 0 2 2] tt*0III K2<b«J^fiJtftTtt. m 

Weill 'tt®Rffcft^fi9fttrJBV*ft*:&. 

1 0 0 2 3 J ±Ei»*« 3-5 MEttOJIfllimMtfi 

#9 1 * fctt 2 KE*e*ftlMSfi«>K8#£K: J: 0 ft 

frblU fc&EUSflSrlfciLTftfcHilll goftftft 
JSfi»5fc?*>*. iOfi^Sfi»5l5Srta*l^lcfflV^ 
Till ltoftilAJtfi*JMrt&d*&£fc#-?*« 

(»#S7) . ««>«iB*ftK:j:9iii «<oa<b«jfefi 

10 0 2 4] *fctt**9KE*«>89!l*, ft*96E 

««oin m<omitv>m*&. mm. *»sfcriK&t- so 



EtteSMli. -tO»Jt*«felcJ:»)ftbiifcIII J8e<02 
<MMgfi-C*>*. 
10 0 2 5] , JS 1 * fc I* 2 E4£<03tt&ttfi 

©Ki&frifcle*5V*T, ±EIII K5c£#A K Ca, I 
n©5*>^1**v*»-C*9» A'oiEgfcJiR*-*^-*-* 

1) . Sbfc, H*53~i 0»cEeo*WJc*5v^T 
III 8ot3R£A 1 v G a , I n<»5h^-riifrb+ 

[0 0 2 6] *36W<om2<OS^itt, # JJ ?A$<0III 

sect :^=79ro&*££w-*-5 
»kw***t, «^fi*fcttsffiiefi©s®-ciii m 

©*SJciil &5£i*ro2<fc&*iS*jifcfi 
*. 

loo 2 7] z(om<tmm&<o^&mh. 

8wc**»S:*itrT, III «7c*i»ffi«f-CB«©III SI 
afl:*»fi*iS«dfej*-raci: <Sfl;«i©SiSttT?t ft 

v>> ^tt, &ft*oin &7t$tM®~- 

±Einjection 5 fc»«#fttfcittt£< 

fifc 58 L V «*C£<3 < *SfilfcRfe-Cfc3. 

10 0 2 8] ^y^A, = ^V5?<>A«e> 

HI «5E5di7>*=T. t K?S?^©tt»***i- 
S^^li, mt«l<OM& (t^itfGaNr*>ti»f2 0 0 

o , cel±t•&bnTv^5) Kif^ttfjMcottvHfcs- 

1 0 0 0"CSS©fflS-C£ilE:U, III KSfc&fcdfcjS-f 
5. 

[0029] " Crystal growth of GaN by reaction be 
tween Ga and NH 3 " 

D.Elwell et.al.. J. Crystal Growth 66 (1984) 45-6 
4 

^jatfcGaNttlll fll»*ICt*S**i*, « 

[0030] flNtX 1 2 Xfi 1 3 liEtt<OS(b4S»^fi© 
S«*ttTH:, #9 *-M?©III «5c»0»«4>(ca«f 
fi*fc«fi«ieffiSrg»L. ^O^ffiJCTV^sr^W 

fi*fcliSfi«fiwSSDTIII »7c«iaS«r^»-ri 
Jtf^*»5**6ri:KJ:9. «*Sfi*fcttS«iSS<o 
SEffilc^UfclH iHRC^Srttfl:**. TteJC^Lta 
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[0 03 1 J **S % 8»#«1 2*fcf±l 3E«02ik«> 
a . I nW5 *>V *1*fta»?«> D » i9»ol:Ba*J§t**£ 
«1 4) . SfciC, 88#gl 2*fcfil 3lca«©2ft 

4&£&<0Si§;frifc»c*^-c, wits. 1 1 1 fcsaiast© 

(§8**15). 
[0032] 

[«9!<&3SiS<^lBJ fiJT, *89itf>3IJ&©^JS£, g 10 
[0033] (IU6«1) *«WO-HJ6«t LT» 0 

[0034] f*l£7 OmK^I 1 5 0mto^1&A>yi$. 1 K 
Ga&3000 glR£U fc-* 2TG a «r9 5 OlC* 
-CADSRLTGa8HK3«:J&fcLfc. RV»T, #**AE 
l E 4Srtto-CGa»*3tttT> i e=r^* > 0. 5 1 
/min <»?«ft-C5l*ffilS>:t»i*«^fc. »«£3K!fcti4 

tt*iK£b-CGaN»*tfl£&j*U 20 

-DfcTV*=T^fXfl, fe£*oTi«i83rt£iBBU 

ttAi-*^SrS*lcSI*)#x., GafliiSfcSift* 

1 0 0 3 5 } #i& LfcG a »Se&£S&*> P>® ►> «J UTS 
*?Lfciw5, GaBfc©±»fcGaN<D#jg&jS5*ft 
IcSjWvC^fc. GaNMSO$I«, 5S±fcGa»k 30 

tio. 2 goa»tt!sia5a«>e>*ifc 0 z^frbuw-r 

6t. 6 1 gfflGaN«gftm? SfcriKfcS. 
[0 0 3 6} (£16092) HJS«l<OJ: 5lCUTGaN 
&&£fr£-&U G ai»ffiro±fiBJCfil*^GaSlj«tG 

TGaNOjfcffiitf^S'-r/M&S&fT^fc. fifcfilcffl 

0 gAftfc. K#- h 1 7|CB\ 2 5ns 40 

1 4rttt, &m#x&M*mflt U fc-* 1 3TH»« 
*H StiMUl 1 5 0 , C(C^i*-C]S»S:^HlJRiUfc. C 
<0^-C4«FWttaUfcft, fig* 1 1 0 OtJKTtf, 
&m*l 8*5IVvC*7-f K*-M 7*#ftlU 
7*Tg«l 6&II*sM 2fc&ftt£-£fc. ZilEIfttt, 
!S^S«Srfe»l'CS!!^-C6 0 0'C*-CTJf. &f£8l 

1 6iJ&m 2£<jn»>fifbfc. *(D«fc-*Sag*«>o 



[0 0 3 7 J «S<0»*>ofcS«4re9tttT«E&tf 

jfcSLTVfc. 0riOSEM8)»«>(>!ftlt)tRf|}4. 

■fe X*fflj£ISJIS:H 4 ICtM-. G a NO/<y KSBSjfcU: 
»iSi-5 3 6 0nn©«V^5tb , -^*saS$*i.. 
fcH^gjKtGaNK-CfcSCiSrSIKLfc. tffitfc 
K<0®^«fttSr, 77^7*- (Van der Pauw) 
SStfctw^ !>T»£t*l X 1 0 17 cm" 3 , 9» 
fit* 5 2 0cn2 /V • sec t» ft#fcSM4«r*Ufc. 

[00 3 8) (jams) juim* t> 

fc*>C*B»G a IC 2 0mg©S i «rA*VCG a Nttj££ 

«r**u nbtiizG *mmtG aNms&om&tot 

JKfMcJBWC, 3li6fll2i:l?!fil<D*7-< K#— h8n?G 

[00 3 9J #fciXfcGaN&wkt&TW7* 
yfeV^ffifc****', H5K*i". Si K-7*GaNO 
Sftl£*J&-*-« 3 6 9 wnK>«V^3fc f— * «8 

ufci rs, nS©exio 18 «r*e*>o fc. 
[0040] (MMM) IIIIHU'fcPMeailrc, fc 

e>A»U.»SSG a fc 7«g©M g *AJvCG a N»*£g*r 
•frJfcU #e>nfeGa^tGaNSte^^S^1&«rJS 
fllrfflfcoT. 1116082 £ISJ«&<Z>*?W K#-h«fe-CGa 
NO«*§X If* * Afftftfrtf o fc. 
[004 1 J W^flfcGaNffllroSa-eO?* 
yfe^.aSSe*^, 06^*1". Mg K-7*GaNC0 
Wt\Z.tt!5t *4 4 5nBCO»jtf-^diS«Sn. 
LfcRfcMgtfK-^JvTv^r^SrSfef&Lfc,, 

pl<0 5x l 0 17 c»- 3 -e*ofc, ^tt-C^Cj 
tlltM g K-7*G a NKtt, MOV P fctlfc 

Kas»*aa«rHo ^ * tt*t «s«p g $ ix 
*ii-efi9<fpifl3a«»«t**Lfc. rim. Mgo 

[ o o 4 2 j (nisw 5 ) mm i ^ 

tfc, T ^ K-7*G a NflfceS t&RG a OjS^1&4:«8 
»U riifcl6»iJgS84k*S**aix.-CGafc*t7«:8 
#Ut«. «tt-caUTGaN»»&ft:Jt*Iil9mL 
fc. »jStfc»5fett«*-C+»Kft^Lft», StSSia 
fflfrtTfc&Lfc. KefeSrtfc»*^6 1 g 

\Z.7prt, GaNO^^K4S38}tlC»l£:1-5 3 6 0nni©|ft 
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m&»&ttvm<r>m9L*-K4*>'R&&mm (s i 

MS) TW^fctf, *&&mt>*b<o&*b f§.totiZ>S i 

[0043] (3?tfe#i6) 5fcSS0<i6-e#fc>ilfcGaN?S 
»fi»*SrJS»tffiV>T, 0 8 tC^t <t 5 *8«-CG a 

£*y#2 3fc. Jf»tU-CGaNtSfeS»*2 6S:2 

*££3§2 lrtfc-fcy hUfc. — 25na*fl>cffif- 

7r-rrstt2 8Sr^77rw tBesiBM'*'— 2 2 

$:*8/PS'#2 3i*!lcft9T»ffc. iODMi-eWMMI 

=7^SrS»0. 5 V 5>*-8ELfcjJ*fe» t-*2 4 
•C^R«r2Wl%Ufc„ JpRH*, /vS'srFfcKLfcSra»2 
7<oas^t?. 1 1 oo"Ci*3J:?CiB»Lfc. r© 

«», S«2 8ro^ffiffl«ttj!iS)8 5 0'Cli*oTV^fc. SS 

®»SrJD|ftLfc^ffiT»2 4l$l8J»»Lr#$ 20 

[0 0 4 41 ®9tiJLfc^7rWTS«(03fBlCI^ 3 
WfcGaN<OB»Sjfc£L-tVfc. GaN«0*ffiSrS« 

^r^JI7SS2Xl 0 17 c»- 3 , 
4 9 0cm 2 /V • sec Lfc. 

[oo45i mn&m 7) ?mm 1 1 R«o*tt-e. g 

ttffiSr6 0 0t:i:Lfc&l^«, Hffifcll 

£& t &B I n 5 HI Lit. 

[0046] r <Ojg^«Jl;«»tiaK^*l!5*S:J0xT 
I nfc*ttS:S«?Ufca, MKft-CWUTl nNSHSfifc*!* 

Lfc»5fe&2 0 0 g#fc*Vfc. 

? M^SUJfcLfciw*, I nN<0/<> KJ838#l£«S 

6 5 OnBWSSftaMBSSSftfc. 
[004 7] (SJJgfl) ±SEHJ601-efiG a NS>i£i§j£ 

^©fifeA 1 N-*\ A 1 N*fc« I nN©Sfi-Clfoi 
A 1 G a N, G a In N* fcSJB-Ct 
6. 

[00 4 8] £$B*£tf#*£ fCtt. 7^=7(016 
Ice K?$?v, YjV^tiXnmmt^*. so 



10 0 4 9] JRffljSftOSSiSWtt^SUET'C^SiaS 
100 6 0] «4ij£Jc, StfBl&SoSli&BItt, f7r-f 
[0051] WlSSft^lSSOlK^fcktf 

[0052] <te©fU6»fi&) J: 9 #6*ifc« 

[0053] niSCT 2 ■afcxfctwattsffliu: 

JKMKIMr* 2 frBrBtttT. -*ICM g a NIB 

4&#fcS i K-^G a NH»Srte«i-lxtf . Sffi 
±fcpS£ nI<0G a N»*8tttTj££*-fraii:'# 

E DM®;/ n-ferx $g£lc p n afr&SOfffe L 

ED«:$iigf zo^m^xnti. ft* 

e5MOVPE«fcJ:*)1>lB^A»o3c^> 3c««'LED-l:» 

jta£S***>9, w^fc»fefi*iB^SflCpS»c/i*J: 
9 trttlt U iSeitlildU: & * t » t v > 5 

■oft. *»KICi^>5«tta:t*^*5/+A^*ife*ffiV> 

n«, pS©*«tt*sfl«ia«r«$*<i'b»e>it5fc 

[0054] mm<o%fmBL*9mRE.j}. m 

[0055] fttfl 8 ) *%W<D% 8 <0$««») 4 U 

T. GaN£fi<D#£$r*TofcW*i£'«6. 

[00 5 6] rtS7 0mraHS2 0 0iwO^3?»»3 lfc 
S^PLfcGa 3 3«:3 0 0 0glRSL, SltGa 3 3 «t» 
-i2 6nOS i CWSBOMt bSrfflBfi 3 5 i: 
L-CffiifeS$l$f&^3 4 ©jfe«SlC*9 f+ *t. H« Lfc. 
:©tti-C, ©KG a 3 3<Srb-^3 2JCj:9JSl5»U 
|R«»3 7CUJA-C1 0 0 o*CK:/j:$«fc 5fM^iUfc. 

[00 5 7J ftV^T, T**=.T#Xi* rtS6nn<0^ 
3?fir^=7*A*3 6«riiCT. ^S»OJS*>fe 
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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a new method 
for crystal growth, enabling high-purity group III nitride 
crystal such as of GaN to be produced easily at low 
cost in view of having been difficult to obtain large-sized 
crystal of such nitrides so far. 
SOLUTION: This new method comprises the following 
processes: a group III metallic element is heated and 
melted, the resulting melt 3 is then injected with a 
nitrogen atom-contg. gas such as NH3 at a temperature 
not higher than the melting point of the aimed nitride to 
produce group III nitride crystallites with high wettability 
to the melt 3; the resultant mixture of the above 
crystallites and the melt is used as starting material for 
the liquid growth process, or group III nitride powder 
afforded by eliminating the group III metallic element 
from the above mixture is used as starting material for 
the vapor growth process; alternatively, a seed crystal or 
substrate crystal is immersed in a group HI element melt 
such as of Ga, bubbles of a nitrogen- contg. gas such as 

NH3 are intermittently contacted with the surface of the above crystal to react the gas with the 
group III element on the surface to effect the growth of the aimed group III nitride crystal on the 

surface. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

t.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] III It is III at the temperature below the melting point of the nitride which is going to 
heat a group metallic element, and is going to dissolve and it is going to obtain. The gas 
containing a nitrogen atom is poured into the melt of a group metallic element, and it is III. It is III 
within the melt of a group metallic element The manufacture technique of the nitride crystal 
characterized by manufacturing a group's nitride microcrystal. 

[Claim 2] It sets to the manufacture technique of a nitride crystal according to claim 1. and is III. 
Ill which doped this impurity element by mixing the impurity element with the group metallic 
element The manufacture technique of the nitride crystal characterized by manufacturing a 
group's nitride crystal. 

[Claim 3] III obtained by the manufacture technique of a nitride crystal according to claim 1 or 2 
A group's nitride microcrystal and III Mixture of a group metallic element 
[Claim 4] HI obtained by the manufacture technique of a nitride crystal according to claim 1 or 2 
A group's, nitriding microcrystal and DI III characterized by using the mixture of a group metallic 
element for a start raw material The liquid-phase-epitaxy technique of a group's nitride crystal. 
[Claim 5] III obtained by the manufacture technique of a nitride crystal according to claim 1 or 2 
A group's nitride microcrystal and III III obtained by the liquid-phase-epitaxy technique which 
used the mixture of a group metallic element for the start raw material A group's nitride crystal. 
[Claim 6] III obtained by the manufacture technique of a nitride crystal according to claim 1 or. 2 
A group's nitride microcrystal and III The mixture of a group metallic element to III III which 
removes a group metallic element and is obtained A group's nitride crystal powder. 
[Claim 7] III according to claim 6 III characterized by using a group's nitride crystal powder for a 
start raw material The vapor-growth technique of a group's nitride. 

[Claim 8] III according to claim 6 III which used a group's nitride powder for the start raw material 
III obtained by the vapor-growth technique of a group nitride A group's nitride crystal. 
[Claim 9] III according to claim 6 III characterized for a group's nitride crystal powder by melting, 
the re-freezing, or sintering The manufacture technique of a group's nitride crystal. 

[Claim 10] III according to claim 6 a group's nitride crystal powder — melting — re III 

solidified, or sintered and obtained A group's nitride crystal. 

[Claim 1 1] It sets to the manufacture technique of a nitride crystal according to claim t or 2, and 
is the above IB. The manufacture technique of the nitride crystal characterized by for a group 
element being either among aluminum, Ga r and In, and the gas containing the above-mentioned 
nitrogen atom being ammonia gas. 

[Claim 12] III heated and dissolved Seed crystal is immersed into a group element and it is DL By 
contacting intermittently the foam of the gas which contains a nitrogen atom on this seed crystal 
front face in a group element it is III to this seed crystal front face. The manufacture technique 
of the nitride crystal characterized by growing up the nitride crystal of a group element 
[Claim 13] III heated and dissolved A substrate crystal is immersed into a group element and it is 
III. By contacting intermittently the foam of the gas which contains a nitrogen atom on this 
substrate crystal front face in a group element it is III to this substrate crystal front face. The 
manufacture technique of the nitride crystal characterized by growing the nitride single crystal of 
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a group element epttaxially. 

[Claim 14] tt sets to the manufacture technique of a nitride crystal according to claim 12 or 13, 
and is the above IH The manufacture technique of the nitride crystal characterized by for group 
elements being aluminum, Ga, or the Ins. and the gas matter containing the aforementioned 
nitrogen atom being ammonia gas. 

[Claim 15] ft sets to the manufacture technique of a nitride crystal according to claim 12 or 13, 
and is the above Ut The manufacture technique of the nitride crystal characterized by the 
temperature of a group element melt being lower than the melting point of the nitride crystal to 
grow up. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is HI. It is related with the 
manufacture technique, the mixture, the liquid-phase-epitaxy technique, the nitride crystal, the 
nitride crystal powder, and the vapor-growth technique of nitride crystals, such as a nitride 
crystal of a group element especially GaN, AIN. InN. 
[0002] 

[Description of the Prior Art] ft still cuts and is III with large-sized GaN, AIN, InN, etc. The 
method of manufacturing a group nitride crystal easily does not exist If GaN bulk crystal is 
made, for implementation of a blue laser diode etc., the impact measures and will not be found. 
Moreover, it is thought that it will get into stride if the bulk crystal of a wide cap semiconductor 
material will enter in the 21st century. 

[0003] As technique of manufacturing the crystal powder of GaN, it is Ga2 03. The method of 
making the oxide of Ga of a grade react with ammonia, and manufacturing it is put in practical 
use, and the powder manufactured by this is marketed for reagents. 

[0004] III The method of manufacturing the bulk crystal of a group nitride crystal easily is not yet 
developed. The size of the crystal whose manufactures of a crystal are risk and **** since a 
very high pressure is needed slightly, although the following reference is announced by 
SPorowski et al. and which was obtained comparatively is about several millimeters and the 
parvus. 

[0005] "Prospects for high-pressure crystal growth of 1D-V nitrides"S.porowski, J.Jun, PPerlin, 
LGrzegory, HTeisseyre and T.SuskilnstPhys.Conf.Ser.No.137 : Chapter III represented by 4Paper 
presented at the 5th SiC and Related Materials Conf., Washington and DC, and !993GaN A group 
nitride The melting point is very high, and since sublimation and decomposition happen at the 
temperature below the melting point, the melt cannot be made and the crystal growth from a 
melt is not made. Moreover, III Since the solubility to a group melt is very low, the crystal growth 
from a solution is also difficult III put in practical use until now The crystal-growth technique of 
a group nitride is only three sorts of vapor-phase-epitaxial-growth methods, HVPE (hydride 
vapor growth), the MOVPE (organic-metal vapor growth) method, and the MBE (molecular beam 
epitaxy) method. Light Emitting Diode of GaN system manufactured by this has come 
[ moreover, ] to be marketed. The following reference is announced as an example of the crystal 
growth of GaN by the MOVPE method. 

[0006] "Novel metalorganic chemical vapor deposition system for GaN growth" S.Nakamura, 
Y.Harada and M.Seno, Appl.Phys.Lett.58 (18) 6, 1991 [0007] 

[Problem(s) to be Solved by the Invention] III represented by GaN The nitride crystal of a group 
element attracts attention as a material for blue light emitting devices in recent years. In order 
to create an element, it is necessary to grow for example, GaN crystal etc. epitaxially on a 
substrate. In this epitaxial growth, in order to prevent the occurrence of asymmetry under 
crystal which grows, it is ****-like that the lattice constant and coefficient of thermal expansion . 
of the crystal used as a substrate are the same as that of the crystal which grows on it 
However, so far, as a substrate, the bulk crystal of the nitride which can be used was not 
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obtained; but the silicon on sapphire from which a lattice constant is different reluctantly was 
substituted for it and it has grown epitaxially on it 

[0008] As an epitaxial grown method although the present MOVPE method is in use, it is easy to 
ignite, and the organic metal of a raw material is dangerous, and be expensive. Furthermore, need 
large-scale, complicated, and expensive growth equipment h is not avoided that hydrogen enters 
as an impurity, but this becomes a cause, and problems, like a raise in the carrier of p type 
crystal is difficult are during a growth crystal. 

[0009] Therefore, in order to form p type crystal into a high carrier, it is necessary to bring p 
type dielectric layer to an element front face, and to perform nitride crystal processing. Since 
there was the need of bringing p type dielectric layer to an element front face, the degree of 
freedom of a design of element structure was narrow. 

[0010] As other epitaxial grown methods, it is DL It is III to the solvent of a group element There 
is a method of melting and carrying out LPE (liquid phase epitaxial) growth of the group nitride 
crystal as a solute. However, HI marketed conventionally A group nitride crystal is Ga2 03, if it is 
GaN. It was the impalpable powder which the oxide of Ga of a grade was made to react with 
ammonia, and manufactured it and it originated in the configuration, and the front face of GaN 
crystal seldom got wet with Ga, therefore there was a problem are hard to solve in Ga. 
[001 1] An application is expected also as a dopant material [ in / as a fluorescence material / 
liquid phase epitaxial growths, such as GaAs and GaP, in the fine particles of a nitride crystal ]. 
However, GaN crystal powder marketed conventionally was unsuitable for the expensive start 
raw material that purity is comparatively low and for vapor growths. Moreover, since it originated 
in the configuration and it was hard to solve in a semiconductor melt there was a problem are 
hard to use also as the raw material and dopant raw material for liquid phase epitaxies. 
[0012] The trouble of the above conventional techniques is canceled and the purpose of this 
invention is high grade GaN III. It is in the thing which can obtain the nitride crystal of a group 
element easily and cheaply and for which the manufacture technique, the mixture, the vapor- 
growth technique, the nitride crystal, the nitride crystal powder, and the vapor-growth technique 
of a new nitride crystal are proposed. 

[0013] Moreover, other purposes of this invention are His, such as GaN which was not obtained 
until now. h is [ the new crystal-growth technique that the bulk crystal of the nitride crystal of a 
group element can be grown up easily, and ] III simple and safely. It is in proposing the new 
crystal-growth technique which can grow a group nitride crystal epitaxially. 
[0014] 

[Means for Solving the Problem] The 1st main point of this invention is roughly divided, and there 
are three. 

[0015] ** They are IDs, such as hot Ga, about the gas containing nitrogen, such as ammonia. It is 
made to react by pouring into the melt of a group element Thereby, it is ID. It is III in the melt of 
a group element The microcrystal of a group nitride floats in large quantities. 
[0016] ** ID obtained in this way A group element and III Mixture of a group nitride microcrystal 
is used as a raw material, and it is III. The liquid phase epitaxial growth of a group nitride crystal 
is performed. HI obtained by above-mentioned technique a group element nitride microcrystal — 
III the concordance with a group element melt — good — III a group nitride microcrystal — in it 
melts in a group element melt easily — making — **** — things are made 
[0017] ** h is III at the above-mentioned mixture to an acid cleaning etc. Ill which removes a 
group element and is obtained A group nitride microcrystal is used as a raw material, and it is ID. 
The vapor growth of a group nitride crystal, synchysis, and a sintering crystal are manufactured. 
The raw material obtained by this technique has a high grade and the characteristic feature of 
being cheap. 

[0018] It is III for explaining in full detail The technique of pouring the steam of V group element 
into a group melt, and compounding an I1I-V group compound is called injection (injection) 
method, and is well-known technique* For example, there are also the following society reports 
as an example which compounded the polycrystal of InP which is one of the III-V group 
compound semiconductors. 

[0019] the 34th besides "extensive synthesis of InP polycrystal by the P-injection method", and 
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Shibata — time applied physics relation union lecture meeting (1987) 28p-Z-1, however injection 
A method 01 Heat beyond the melting point of the Ul-V group compound which compounds a 
group melt and the steam of V group element is poured in there. As opposed to being one of the 
so-called melt grown methods which make the melt of an ffl-V group compound, once cool this, 
and produce a crystal to the claim 1 of this invention the synthesis method of such a nitride It is 
III at temperature much lower than the melting point of the nitride to compound. The gas 
containing nitrogen is poured in into a group melt III of the liquid phase A group element and V 
group element of a gaseous phase are made to react and it is I1L It is III of solid phase in a group 
element melt The conventional injection in the point of generating a group nitride crystal directly 
(the melt of a nitride not being made) A method is a completely different new synthesis method. 
This is III of a nitride. The characteristic feature that the solubility to a group element melt is 
very low is taken to a foul trick, and is used positively. 

[0020] it sets to the manufacture technique of this nitride crystal according to claim 1, and is IIL 
III which doped the impurity by mixing the impurity element with the group metallic element A 
group's nitride crystal can be manufactured (claim 2). And by the manufacture technique of this 
nitride crystal according to claim 1 or 2, it is III. A group's nitride powder and HI The mixture of a 
group metal raw material is obtained (claim 3). 

[0021] It is such III to the claim 4 of this invention. A group nitride crystal and IH The mixture of 
a group metal raw material is IIL Although a group nitride crystal is a microcrystal, the front face 
is completely ffl. The big characteristic feature is in the point of having got wet from the group 
metal raw material. In case a crystal impalpable powder is added to a dopant it compares with 
the volume, and the big mark powder of a surface area is [ the raw material for liquid phase 
epitaxies, and ] III. There is a problem are very hard to melt that it is [ therefore 3 hard to get 
used to a group melt Especially, in the nitride crystal with low saturation solubility, this difficulty 
of melting serves as a fatal fault for a crystal growth. Ill which is marketed conventionally Most 
group nitrides are in the impalpable-powder status, and had the above-mentioned fault uniformly. 
It is such in to this invention. Group nitride microcrystal powder and m For the mixture of a 
group metal raw material, a nitride crystal is in. Since it is compounded in a group melt the front 
face is completely ffl. When it is covered from the group metal raw material and it uses as a 
liquid-phase-epitaxy raw material, it is very easy to melt and can be easily reached and made 
saturation solubility compared with the conventional raw material. Consequently, the 
controllability of epitaxial growth and repeatability improve by leaps and bounds, and it is high 
grade IH. A group's nitride crystal is obtained (claim 5). 

[0022] Moreover, the conventional HI At a group nitride synthesis method, it is III to a raw 
material. In order to use a group's oxide and chloride, the process which removes an unreacted 
object from the compound nitride powder was surely required It is III, in case an unreacted 
object does not turn into the impurity at the time of a liquid phase epitaxy, therefore it uses for 
the raw material of a liquid phase epitaxy, since neither the oxide nor the chloride is used for the 
raw material by such manufacture technique at the claims 1, 2, and 4 of this invention. Let this 
mixture be the raw material of a direct liquid phase epitaxy, without extracting only a group 
nitride, it not only leads to large compaction of a process, but that this extraction process is 
omissible can lose contamination of the raw material which tends to be generated at an 
extraction process, and the high grade liquid phase epitaxy of it becomes possible. 
[0023] this invention is applicable also to the vapor-growth technique although invention given in 
the above-mentioned claims 3-5 relates to the liquid-phase-epitaxy technique. That is, invention 
according to claim 6 is III obtained by the manufacture technique of a nitride crystal according to 
claim 1 or 2. A group's nitride microcrystal and ffl The mixture of a group metal raw material to -HI 
HI which removes a group metal raw material and is obtained It is a group's nitride crystal 
powder. This nitride crystal powder is used for a start raw material, and it is in. It is UI by the 
vapor growth to which the vapor growth of a group's nitride crystal can be carried out (claim 7). 
A group's nitride crystal can be obtained (claim 8). 

[0024] Moreover, invention according to claim 9 is III according to claim 6. About a group's nitride 
powder, they are melting, the re-freezing, or ffl to sinter. It is ffl from which it is the manufacture 
technique of a group's nitride crystal, and invention according to claim 10 was obtained by the 
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manufacture technique. It is a group's nitride crystal. 

[0025] In addition, it sets to the manufacture technique of a nitride crystal according to claim 1 
or 2, and is the above III. Also let the gas which a group element is either among aluminum, Ga, 
and In, and contains the above-mentioned nitrogen atom be ammonia gas (claim 11). 
Furthermore, it also sets to invention according to claim 3 to 10, and is III. Let a group element 
be either among aluminum, Ga, and In. 

[0026] The 2nd main point of this invention is Ills, such as a gallium. Seed crystal or a substrate 
crystal is immersed into the melt of a group element, the foam of the gas which contains 
nitrogen, such as ammonia, on the front face is contacted intermittently, and it is HI in the front 
face of seed crystal or a substrate crystal. By making the gas containing a group element and - 
nitrogen react it is III to the front face. It is the technique of growing up the nitride crystal of a 
group element 

[0027] It is III at temperature much lower than the melting point of the nitride which also 
compounds this nitride crystal-growth method. The gas containing nitrogen is poured in into a 
group melt and it is III of the liquid phase. A group element and V group element of a gaseous 
phase are made to react and it is III. It is 111 of solid phase in a group element melt It is premised 
on generating a group nitride .crystal directly (the melt of a nitride not being made). This is HI of a 
nitride. As the characteristic feature that the solubility to a group element melt is very low is 
taken to a foul trick, it uses positively and this premise itself already stated, it is the above- 
mentioned injection, A melt grown method like a method is a crystal-growth method based on 
the completely different new idea. 

[0028] Ills, such as a gallium, aluminum, and an indium If compared with the melting point (for 
example, called 2000 degrees C or more if it is GaN) of a nitride, it will react at the quite low 
temperature of about several 100-1000 degrees C, and the gas containing a group element and 
nitrogen, such as ammonia and a hydrazine, is ffl. Generating a group nitride is known. For 
example, there are the following reports. 

[0029] "Crystal growth of GaN by reaction between Ga and NH 3" D.EIweil etai. and J.Crystal 
Growth 66 (1984) 45-54, however generated GaN are III. It does not melt in a group melt, but it 
becomes an impalpable powder, and is HI. It only separates on the front face of a group melt 
[0030] By the manufacture technique of a nitride crystal according to claim 12 or 13, they are 
His, such as a gallium. Seed crystal or a substrate crystal is immersed into the melt of a group 
element and the foam of the gas which contains nitrogen, such as ammonia, on the front face is 
contacted intermittently. It is 10 in the front face of seed crystal or a substrate crystal. Ill 
combined with the front face of seed crystal or a substrate crystal by making the gas containing 
a group element and nitrogen react A group atom can be nitrided and a nitride crystal can be 
grown up to a. substratum. If this reaction is performed continuously, growth of an epitaxial film 
and bulk crystal growth can be performed. 

[0031] In addition, also let the gas which the above-mentioned III group element is either among 
aluminum, Ga, and In, and contains the above-mentioned nitrogen atom be ammonia gas in the 
manufacture technique of a nitride crystal according to claim 12 or 13 (claim 14). Furthermore, it 
sets to the manufacture technique of a nitride crystal according to claim 12 or 13, and is the 
above III. Temperature of a group element melt is made lower than the melting point of the 
nitride crystal to grow up (claim 1 5). 
[0032] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained 
focusing on an example. 

[0033] (Example 1) The equipment which is shown in drawing 1 was manufactured as one 
example of this invention. The example which compounded GaN microcrystal is described using 
this equipment 

[0034] 3000g of Gas was held in the with a bore height [ 150mm height of 70mm ] quartz crucible 
1, Ga was heated to 950 degrees C at the heater 2, and the Ga melt 3 was formed. Then, the gas 
introduction piping 4 is used and it is 0.51 /min about ammonia gas in the Ga melt 3. It continued 
blowing in by the flow rate for 5 hours. The gas blown into the melt 3 reacted with the melt and 
generated GaN microcrystal, and the microcrystal emerged on the melt front face. The ammonia 
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gas which was not contributed to a reaction serves as foam, passes through the inside of a melt 
3, comes out to the space of the container upper part and is discharged out of a container 
through an exhaust pipe 5. The discharged ammonia gas was emitted to the atmospheric air 
through wet damage elimination equipment After performing insufflation of 5 hours, the gas to 
pour in was changed to nitrogen and Ga melt was cooled to the room temperature. 
[0035] When cooled Ga melt was taken out from the container and observed, the microcrystal of 
GaN was appearing on the upper part of Ga melt in large quantities. The front face of GaN 
microcrystal was in the status which got wet with Ga melt completely. As for Ga melt, the 10.2g 
increase in a weight accepted before and after synthetic work. When calculated from here, 6tg 
GaN microcrystal is able to be compounded. 

[0036] (Example 2) It carried out like an example 1, GaN microcrystal was compounded, the 
mixture of Ga melt which appears on the upper part of Ga melt, and GaN microcrystal was used 
for the raw material, and the liquid phase epitaxial growth of GaN was performed by the slide 
boat method The cross section of the equipment used for growth is shown in drawing 2 . Ga 
melt and 20g of the mixture of GaN mark crystal were put into the graphite boat 11 as a raw 
material 12. The c-th page silicon on sapphire 16 of 25mm angle was set to the slide boat 17. 
The inside of the quartz coil 14 was made into the nitrogen gas draft ambient atmosphere, and 
the raw material was heated until thermocouple 15 output became 1 150 degrees C at the heater 
13. After leaving rt in this status for 4 hours, temperature was lowered to 1 100 degrees C, the 
joy stick 18 was lengthened, the slide boat 17 was moved, and silicon on sapphire 16 was 
contacted in the raw material 1 2. this or subsequent ones — raw material temperature — 1 
degree C/m — comparatively — coming out — up to [ 600 degrees C ] — lowering — a joy 
stick 18 — pushing — the slide boat 17 — the original position — returning — a substrate 16 
and the raw material 12 — separation — the bottom Heater power was turned off after that and 
it cooled to the room temperature. The temperature program at the time of a liquid phase 
epitaxial growth is shown in drawing 3 . 

[0037] The substrate which growth finished was taken out and the front face and the cross 
section were observed. The transparent layer was growing on the surface of silicon on sapphire. 
The thickness for which it asked from SEM observation of a cross section was 4.2 micrometers. 
The photoluminescence measurement result in the room temperature of the grown-up layer is 
shown in drawing 4 . The 360nm sharp photogenesis peak corresponding to band edge 
photogenesis of GaN is observed, and it checked that the grown-up layer was a good GaN layer. 
When the electrical property of the grown-up layer was measured by the fan ******** (Van der 
Pauw) method, carrier concentration is 1x101 7cm-3 and mobility is 520cm2 / V, and sec. The 
good property was shown. 

[0038] (Example 3) By the same technique as an example 1, 20mg Si was beforehand put into the 
raw material Ga, GaN microcrystal was compounded, the mixture of obtained Ga melt and GaN 
microcrystal was used for the raw material, and liquid phase ************ growth of GaN was 
performed by the same slide boat method as an example 2. 

[0039] The photoluminescence measurement result in the room temperature of obtained GaN 
layer is shown in drawing 5 . The 369nm sharp photogenesis peak corresponding to photogenesis 
of the Si dope GaN is observed, and it checked that Si was doped by the grown-up layer. When 
the carrier concentration of the grown-up layer was measured by the fan ******** method, it 
was n type 6x1018cm-3. 

[0040] (Example 4) By the same technique as an example 1, 7mg Mg was beforehand put into the 
raw material Ga, GaN microcrystal was compounded, the mixture of obtained Ga melt and GaN 
microcrystal was used for the raw material, and the liquid phase epitaxial growth of GaN was 
performed by the same slide boat method as an example 2. 

[0041] The photoluminescence measurement result in the room temperature of obtained GaN 
layer is shown in drawing 6 . The 445nm photogenesis peak corresponding to photogenesis of the 
Mg dope GaN is observed and it checked that Mg was doped by the grown-up layer. When the 
carrier concentration of the grown-up layer was measured by the fan ******** method, it was p 
type 5x1017cm-3. If the layer obtained by MOVPE growth does not add heat treatment, Mg 
under crystal is not activated, but the Mg dope GaN layer obtained by this technique showed the 
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good p type electrical property in the state of ** **»W*» **» to p type electrical property not 
being shown. This is considered because there was no mixing of the hydrogen atom which bars 
an activation of Mg. 

[0042] (Example 5) After having extracted the undoping GaN microcrystal compounded by the 
same technique as an example 1, and the mixture of a metal Ga, having added a hydrochloric acid 
and hydrogen peroxide solution to this and melting only Ga, it **ed through the filter paper and 
only GaN mark crystal was taken out After the pure water fiilly washed the filtered powder, it 
was dried within the vacuum thermostat Consequently, 61 g of the powder which carried out off- 
white was obtained. When this powder was observed under the microscope, it consisted of a 
microcrystal based on six[ about / particle-size -tOmicrometer ] -sided prisms. The room 
temperature photoluminescence measurement result of this powder is shown in drawing 7 . The 
360nm sharp phoiogenesis peak corresponding to band edge photogenesis of GaN is observed, 
and the obtained mark crystal checked that it was good GaN. Although the concentration of the 
impurity which may be mixed into the obtained powder was investigated by the secondary ion 
mass spectrometry (SIMS), except that Si considered to be mixing from a quartz container was 
detected about [ 5x101 5cm - ] three, it was below limit of detection altogether. 
[0043] (Example 6) GaN microcrystal powder obtained in the example 5 was used for the raw 
material, and the equipment which is shown in drawing 8 performed the vapor phase epitaxial 
growth of GaN. As a raw material, 25g of GaN microcrystal powder 26 was put into the quartz 
crucible 23 with a diameter of 50mm, and it set to it in the quartz container 21 in support of this 
by the graphite susceptor 25. On the other hand, the c-th page silicon on sapphire 28 of 25mm 
angle was fixed to the substrate electrode holder 22 made from graphite, and the substrate was 
hung in the quartz crucible 23 so that a substrate front face might counter with a raw material 
26. The inside of the quartz container 21 was replaced by the ammonia gas ambient atmosphere 
in this status, and the raw material was continuously heated for ammonia gas at the heater 24 
with the 0.5l./m sink. Heating is the output of the thermocouple 27 arranged on the bottom of a 
crucible, and was controlled to become 1 100 degrees C. At this time, the skin temperature of a 
substrate 28 had become about 850 degrees C. The crystal growth was performed by holding for 
24 hours and making it sublimate, where a raw material is heated. 

[0044] The transparent layer of GaN had grown to be the front face of the taken-out silicon on 
sapphire. When the front face of GaN layer was observed under the microscope, mol ******** 
which carried out the trigonum - the hexagonal method was observed. The mean thickness of 
the grown-up layer was about 400 micrometers. When the electrical property of the grown-up 
layer was measured by the fan ******** method, carrier concentration 2x1017cm-3 and mobility 
are 490cm2 / V, and sec. The good property was shown. 

[0045] (Example 7) By the same technique as an example 1, In was used instead of Ga and InN 
was compounded. Except having made synthetic temperature into 600 degrees C, they are the 
same conditions as an example 1. Before it cooled In which synthesis finished to 180 degrees C 
and In solidified, the mixture of InN microcrystal and the metal In which appeared on the upper 
part of In melt was taken out. 

[0046] After having added a hydrochloric acid and hydrogen peroxide solution to this mixture and 
melting only In, it **ed through the filter paper and only InN microcrystal was taken out After 
the pure water fully washed the filtered powder, it was dried within the vacuum thermostat 
Consequently, it was obtained about 200g of the powder which carried out thin off-white. When 
this powder was observed under the microscope, it consisted of a microcrystal based on a six 
[ about / particle-size -8micrometer ] -sided prism. When the ********** spectrum of the 
obtained powder was measured, the 650nm photogenesis equivalent to band edge photogenesis 
of InN was observed. 

[0047] (Modification) Focusing on the crystal growth of GaN, the above-mentioned. example 
described the crystal growth of InN further, and ft is applicable also to crystal growths, such as 
AIN, and AIGaN which is the mixed crystal of AIN or InN, GalnN. 

[0048] As gas containing nitrogen, the use of a hydrazine, a monomethylhydrazine, etc, other 
than ammonia can be considered. 

[0049] Although the example of a liquid phase epitaxy was described about the crystal growth 
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under atmospheric pressure, if it carries out under the hyperbaric pressure of nitrogen or the 
ammonia ambient atmosphere, a rate of crystal growth can be gathered further 
[0050] Although the example of a liquid phase epitaxy and a vapor growth was described about 
epitaxial growth of a up to [ silicon on sapphire ], the application expansion to the bulk crystal 
growth of a nitride is also possible to the epitaxial growth using other substrates, and the pan. 
[G051] The yield and particle size of a nitride microcrystal which are obtained by synthesis are 
III. It is possible to control by residence time of gas, such as ammonia poured in into the group 
melt Therefore, the nose of cam configuration of the filling pipe of gas can be changed, or a 
modification, such as preparing into a melt the path along which the foam of gas passes by 
quartz work etc., can be considered. 

[0052] (others — operation gestalt) the nitride microcrystal obtained by this invention is widely 
[ as a semiconductor material or a fluorescent substance material ] applicable If especially 
liquid-phase-epitaxy technique [ such ] is applied to a manufacture of the light emitting device of 
ultraviolet * yellow, it is effective for one of this inventions. 

[0053] For example, if two raw material stowages are established in the liquid-phase-epitaxy 
equipment stated in the example 2, a Mg dope GaN raw material is held in one side and an Si 
dope GaN raw material is held in another side, GaN layer of p type and n type can be 
continuously grown up on a substrate. In this way, if Light Emitting Diode manufacture process is 
given to the obtained epitaxial growth substrate, pn junction type blue Light Emitting Diode can 
be manufactured easily. According to this technique, Light Emitting Diode can be manufactured 
simply and safely, and more cheaply than the conventional MOVPE method Moreover, in the 
conventional MOVPE method growth GaN, in order to produce p type crystal, heat treatment 
needed to be added afterwards, and there was constraint that element structure had to be 
designed so that a crystal front face may always become p type for this reason. Since it will be 
obtained even if p type conductivity does not heat-treat if such a. liquid phase epitaxy is used for 
this invention, the tolerance of the mechanical design of an element becomes very large. 
[0054] In addition, since the amount of the synthetic temperature of a nitride, the ambient- 
pressure force, and the raw material used etc. changes with the modality of nitride to compound, 
or modalities of raw material to use, it is difficult the amount etc. to decide the optimum 
conditions uniquely. 

[0055] (Example 8) The equipment which is shown in drawing 9 was manufactured as an example 
of the octavus of this invention. The example which performed GaN crystal growth is described 
using this equipment 

[0056] 3000g of Gas33 dissolved in the with a bore height [ 200mm height of 70mm ] quartz 
container 31 was held, and during melting Ga33, it was attached at the nose of cam of the seed 
crystal support fixture 34, having used the fragment of 6mm one side SiC single crystal as seed 
crystal 35, and it fixed. Melting Ga33 was heated at the heater 32, and it controlled by this status 
to become 1000 degrees C with the output of a thermocouple 37. 

[0057] Then, introducing ammonia gas at a rate of 0.2l./m from the base of a quartz container for 
76 hours was continued through the ammonia introduction spool made from a quartz 36 with a 
bore of 6mm. The ammonia gas introduced during melting Ga33 became the foam, and started 
the inside of a melt Hie number of foam was about 350 per minute. The foam of ammonia gas 
which goes up the inside of a melt collides with the front face of seed crystal 35, and generates 
GaN crystal one after another on the seed crystal front face. As it is, as foam, unreacted 
ammonia gas is attained to a melting Ga front face, and is discharged out of a container. The 
discharged gas eliminated the damage and carried out atmospheric-air exudation by wet 

Also except the front face of seed crystal, the foam of ammonia gas reacted with 
Ga and generated GaN. This GaN was a microcrystal with a diameter of micrometers [ about 
several ], came floating to the melting Ga front face, and did not contribute to growth on seed 
crystal. 

[0058] The crystal which growth finished was cooled, it took out out of melting Ga, and the metal 
Ga adhering to the front face was washed out with the hydrochloric acid. Consequently, GaN 
crystal of the shape of a with a diameter height [ about 6mm height of about 10mm ] hexagonal 
prism was obtained on the seed crystal of SiC. The obtained crystal was presenting a 
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transparent yellowish brown color. The obtained crystal checked that it was GaN crystal with the 
X-ray diffraction method, an X-ray diffraction full width at half maximum (FWHM) — about 2 
mins it is — it can be said that the obtained crystal has good crystallinity 
[0059] The photoluminescence measurement result in the room temperature of the obtained 
crystal is shown in drawing 10 . The sharp photogenesis peak corresponding to band edge 
photogenesis of undoping GaN is observed by 360nm, and it has checked to it, that it was good 
GaN crystal also by photoluminescence measurement 

[0060] (Example 9) The equipment which is shown in drawing 1 1 was manufactured as the 9th 
example of this invention. The example which grew GaN crystal epitaxially is described using this 
equipment 

[0061] The with a bore height [ 150mm height of 70mm ] quartz crucible 45 was put into the 
graphite susceptor 44, and it installed in the interior of the stainless steel container 43. 3000g of 
dissolved Gas48 was held in the interior of the quartz crucible 45, and during melting Ga48, the 
25mm one side c-th page sapphire single crystal substrate (henceforth silicon on sapphire) 49 
was attached at the nose of cam of the substrate support fixture 47, and it was immersed. In 
melting Ga, since silicon on sapphire 49 was level about several degrees, it leaned and it was 
fixed. Moreover, during melting Ga48. the ammonia gas introduction spool 41 made from a quartz 
which bent the nose of cam to the J character type was installed. The nose of cam of the gas 
introduction spool 41 was fixed so that it might become directly under the edge of the lower one 
of silicon on sapphire 49. Melting Ga48 was heated at the heater 42, and it controlled by this 
status to become 950 degrees C with the output of a thermocouple 46. Then, ammonia gas was 
introduced sit a rate of 0.117m during melting Ga48 through the ammonia introduction spool 41 
for 1 hour. The introduced ammonia gas became the foam and started the inside of a melt The 
number of foam was about 200 per minute. After the foam of ammonia gas which went up the 
inside of a melt collided with the soffit of silicon on sapphire 49 and went up along the substrate 
front face, it reaches up to melting Ga48 front face, and was discharged out of the container. 
The discharged gas eliminated the damage and carried out atmospheric-air exudation by wet 
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[0062] The crystal which growth finished was cooled, it took out out of melting Ga48, and the 
metal Ga adhering to the front face was washed out with the hydrochloric acid. Consequently, 
the transparent crystal thin film with a thickness of about 4 micrometers was obtained on 
silicon-on-sapphire 49 front face. The obtained crystal checked that it was GaN crystal with the 
X-ray diffraction method, an X-ray diffraction full width at half maximum (FWHM) — about 5 
mins ft was . 

[0063] Photoluminescence ****** j n the room temperature of the obtained crystal is shown in 
drawing 12 . The sharp photogenesis peak corresponding to band edge photogenesis of undoping 
GaN is observed by 360nm, and it has checked to it that it was good GaN crystal. 
[0064] In addition, since it changes with the modality of nitride which grows, or modalities of raw 
material to use, nitride crystal-growth temperature, the ambient-pressure force under growth, 
the amount of the raw material used, etc. are not decided uniquely. 

[0065] Although it is for according to the result which activity chooses ammonia to some extent 
chemically, and took safety and economical efficiency into consideration as gas containing 
nitrogen, gas, such as a hydrazine and a monomethylhydrazine, can also be used theoretically. 
However, these gas has the far large risk of an explosion compared with ammonia. 
[0066] III in a crystal growth Group raw material temperature was made below into the melting 
point of the nitride which grows for preventing the grown-up crystal's decomposing or carrying 
out a remeWng solution. 

[0067] (Modification) At an example, it is GaN. It is applicable also to crystal growths, such as 
InN, AIN and AIGaN that are such mixed crystal, and GalnN, although the crystal growth was 
described. Furthermore, 01 The nitride crystal which doped the impurity can also grow by mixing 
an impurity element into the gas containing the inside of a group melt or nitrogen. 
[0068] As gas containing nitrogen, the use of a hydrazine, a monomethylhydrazine, etc. other 
than ammonia can be considered. 

[0069] III The nose of cam configuration of the spool which introduces gas, such as ammonia. 
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into a group melt is the purpose which controls the large number of **s of the foam of the gas in 
a melt, and can consider deformation variously. For example, two or more drffusers of the foam 
can be prepared at the nose of cam of a gas introduction spool, or a network can be formed at 
the hose of cam of a gas introduction spool. 

[0070] II! The modification which installs two or more seed crystal and substrate crystals into a 
group melt is also considered. 

[0071] Although the example shown in above-mentioned view 1 T the drawing 2 , the drawing 8 , 
the drawing 9 , and the drawing 1 1 described only the crystal-growth container in which the main 
point fraction of this invention is shown, if the system which combined the thermoregulator 
which can carry out program control of the temperature of the mass-flow controller which 
adjusts a quantity of gas flow, or a heater automatically as a peripheral device of growth 
equipment is built, a control of a crystal growth will become easy more. 

[0072] The nitride crystal obtained by this invention is widely [ as a semiconductor material or a 
fluorescent substance material ] applicable. Especially the bulk single crystal substrate of a 
nitride is the optimum as a substrate material at the time of manufacturing blue laser diode. 
[0073] . 
[Effect of the Invention] As explained above, according to this invention, the following 
outstanding effects are acquired* 

[0074] (1) It is III at the temperature much lower than the melting point of the nitride to 
compound according to the manufacture technique according to claim 1 to 2. The gas containing 
nitrogen is poured in into a group melt. HI of the liquid phase A group element and V group 
element of a gaseous phase are made to react, and it is ill. It is in of solid phase in a group 
element melt. Since a group nitride crystal is generated directly, compared with the case where 
the melt of a nitride is made, it can manufacture in large quantities to the inside of a short time 
cheaply easily with easy equipment. 

[0075] (2) It is such III to the claim 3 of this invention. A group nitride microcrystal and ID For 
the mixture of a group metal raw material, a nitride microcrystal is III. Since it is compounded in a 
group melt the front face is completely III. If it is covered from the group metal raw material and 
this mixture is used for a liquid-phase-epitaxy raw material, it can very be easy to melt and the 
solution of saturation solubility can be easily obtained compared with the conventional raw 
material. Consequently, the controllability of epitaxial growth and repeatability improve by leaps 
and bounds. 

[0076] (3) According to such growth technique to the claims 4, 7, and 9 of this invention, it is IB. 
A group s high-grade nitride semiconducting crystal can be easily manufactured in large 
quantities to the inside of a short time cheaply with easy equipment Moreover, it is not 
necessary to use dangerous raw materials, such as gas, such as chlorine conventionally used by 
the HVPE method, and an organic metal currently used by the MOVPE method, and is safe. 
Moreover, according to the growth technique of this invention, the liquid phase epitaxy and vapor 
growth of the conventionally difficult nitride crystal come be made especially easily. 
Consequently, a manufacture of the device which has p type crystal of a high carrier even if it 
does not give **** special to a nitride crystal becomes easy, and since the need of bringing p 
type electric conduction layer to an element front face is lost the degree of freedom of a design 
of element structure spreads. 

[0077] (4) Moreover, it is III, in case an unreacted object does not turn into the impurity at the 
time of a liquid phase epitaxy, therefore it uses for the raw material of a liquid phase epitaxy, 
since the oxide or chloride like before are not used for a raw material by the growth technique of 
such a nitride at the claims 4, 7, and 9 of this invention. Let this mixture be the raw material of a 
direct liquid phase epitaxy, without extracting only a group nitride. It not only leads to large 
compaction of a process, but that this extraction process is omissible can lose contamination of 
the raw material which tends to be generated at an extraction process, and the high grade liquid 
phase epitaxy of it becomes possible. 

[0078] (5) Further according to such manufacture technique to the claims 12 and 13 of this 
invention, it is III. Growth of a group's nitride semiconducting crystal, especially the bulk single 
crystal which was not able to be grown up conventionally is attained. If this crystal is used for a 
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substrate, utilization of blue LD which has not yet resulted in utilization will be promoted upwards 
it is not only effective in efficientHzing and reinforcement of blue Light Emitting Diode, but and 
it will contribute greatly. Moreover, such III A group's nitride semiconducting crystal can be 
grown up easily and cheaply with easy equipment In addition, it is not necessary to use 
dangerous raw materials, such as gas, such as chlorine conventionally used by the HVPE method, 
and an organic metal currently used by the MOVPE method, and is safe. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

f Drawing 1] It is the cross section of such GaN crystal-cultivation equipment at the 1st of this 
invention, and the 7th example. 

[Drawing 2] It is the cross section of the liquid-phase-epitaxy equipment of such a GaN crystal 
at the 2nd example of this invention. 

[Drawing 3] It is the graph which shows the temperature program at the time of the liquid phase 
epitaxy of such a GaN crystal to the 2nd example of this invention. 
[Drawing 43 It is drawing showing the photoluminescence measurement result in the room 
temperature of such a liquid-phase-epitaxial-growth undoping GaN conjunctiva in the 2nd 
example of this invention^ 

[Drawing 5] It is drawing showing the photoluminescence measurement result in the room 
temperature of such a liquid-phase-epitaxial-growth Si dope GaN crystal layer in the 3rd 
example of this invention. 

[Drawing 6] It is drawing showing the photoluminescence measurement result in the room 
temperature of such a liquid-phase7epitaxial-growth Mg dope GaN crystal layer in the 4th 
example of this invention. 

[Drawing 7] It is drawing showing the photoluminescence measurement result in the room , 
temperature of such undoping GaN microcrystal powder in the 5th example of this invention. 
[Drawing 81 It is the cross section of the vapor-growth equipment of such a GaN crystal at the 
6th example of this invention. 

[Drawing 91 It is the cross section of such GaN crystal-growth equipment at the example of the 
octavus of this invention. 

[Drawing 101 It is drawing having shown the photoluminescence measurement result in the room 
temperature of GaN crystal produced in the example of the octavus of this invention. 
[Drawing 111 It is the cross section of such a GaN crystal epitaxial growth system at the 9th 
example of this invention. 

[Drawing 1 21 It is drawing having shown the photoluminescence measurement result in the room 
temperature of GaN epitaxial growth crystal produced in the 9th example of this invention. 
[Description of Notations] 

1 Quartz Crucible 

2 Heater 

3 Ga Melt 

4 Ammonia Insufflation Spool 

5 Exhaust Pipe 

6 Thermocouple 

1 1 Graphite Boat 

1 2 GaN Impalpable Powder and Mixture of Ga 

13 Heater 

14 Quartz Coil 

1 5 Thermocouple 

1 6 Silicon on Sapphire 
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17 Slide Boat made from Graphite 

18 Joy Stick made from Quartz 

21 Quartz Container 

22 Substrate Electrode Holder made from Graphite 

23 Quartz Crucible 

24 Heater 

25 Susceptor made from Graphite 

26 GaN Microcrystal Powder 

27 Thermocouple 

28 Silicon on Sapphire 

31 Quartz Container 

32 Heater 

33 Melting Ga 

34 Seed Crystal Support Fixture 

35 Seed Crystal 

36 Ammonia introduction Spool 

37 With [ Thermoelectricity ] 



(Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this trans! at ioa 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which, can not be translated. 
3.1n the drawings, any words are not translated. 
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[Translation done.] 



